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Letter  to  th«  Editor,  The  Physical  Review 

Nuclear  Shell  Model  ft- Values  for  later trediatg  Coupling 


R.  Schulten  atid  R.  A.  Fe?rsU‘^, 

Kaui-PlaBch-lE::5Ut\it  fuc?  Physil%,  Goafttin^cn,  Q:;vzr.s.z.y  and  the 

University  of  Maryland,  College  Park,  Maryland 

Ueiag  the  wave  fuactioas  already  calctiliiCcd  by  ona  cf  uc  for 

various  light  nusioi  of  snasa  aunr.ber  £rom  6 tc  15^*  r.'e  hs-vo 
evaluated  the  boia-decay  stiatrhi  elen-;o.'r-6o,  and  Ihii-:  tho  ft-vaiueo, 
for  several  of  the  boto-traceiiiona  arf;o:'.n  the  There 

thooretical  res’.dtc  agree  estiefaetoriiy  with  ex'j.c-riirtrAj  aod  indi- 
cate that  intermediate  coupling  io  to  be  preferred  ae  a nuclscr  model 

3' 

over  strict  LS  o?  j-j  coupling. 

The  preaent  wor'l;  depends  upon  tl.j  derivation  oi  tbs  nucloav  wave 
functions,  which  uaed  the  ehsH  rriodel  with  intormediate  cou?li?ig. 


Specific  £c  j- amptioBS  wore: 

1)  Two  protons  and  t**’o  revti'jr.5  fill  tho  lo  oLoii,  forr.dng  an 
inert  core.  The  remsining  nucleons  U<?i  in  tho  1 p ohoil,  whoae 
one -particle  space  wave  functions', 

r/rg  exp  - i/Z  (t/tq)^  x Yi^’  ivvh^ro  Tq  = I.  ? 7Z  t m 

and  Yj^*  ^ are  the  spherical  haz-momss),  are  coon!c*d  to  tho 
Pauli  spin  functions  by  a epia-ovbit  force  vj-hoeo  otrengtU  is  ouch  as 
to  produce  a j - 2/Z  , ~ 1/2  Gpl  ilting  c£  2.  0 I.lcv  for  a Ip  nuclcor; 

moving  in  the  field  set  up  by  the  four  1 s core  nucleons. 

2)  TW  interaction  between  nucleon  pairs  is  a four-forces  mixture 
weiglvted  0.35  V/igner,  0.35  Majorana,  0.13  Bartlett,  and  0.15 


Kcicsnbyrii  fores,  v.ivh  a.  v/oLl  ;dcrpth  oi  3U  2,iov  inf  a cwr-iiac-i-i 

^ ^ "y 

radial  dspaBx-.esace  c:--:p  - ?r/l.  9 s:  Tho  ripl-.'.- 

force  of  1)  also  acts  betv/osa  all  uucleoa  pairs.  Tba  tooac.r  ferco 


is  acglcctod. 

3/  The  wave  functioas  cc5itaia  no  adii3ixt’iroe  froin  bighor  uhelic  -- 
tlis  energy  is  diagoaciiiced  wholely  within  Che  ip,  CtbaC  is, 
shall. 

Tha  above  aesiiauptions  led  Co  \’.'£ve  f’nictions  yioHiag  magnetic 


moirients  ia  agreement  v/ith  enporiment  to  the  accuracy  with  wliicli 

3)  caa  be  earpecteci  Co  hold,  ?'^^5  par  coEt).  Using  tfco  e?.r.;c  wave 

- y 

to  calculate  the  matriat  elemonto  in  log  ft  = C - 103  s : " 'i-  i>!  \ 
(where  v/c  take  the  Fermi  asid  Camovz-Tellea  coriatawto  oxw i, 

and  fit  the  coEatant  C to  ‘iiha  ncu2x.*on  ftovaluo),  wc  find  valuco  whicl:  are 
preecnCed  in  the  Cable  below  and  compared  with  those  calculated  on 
the  basis  of  strict  j-j  coupiisig. 

Wo  ere  Qtat<sivl  to  Prof.  V7.  Keirenbort  for  ouggccfdng  and 
stimulating  this  work.  One  of  us  CS.AF)  in  ondsbted  tc  C'oe  Mo^t-Pianch- 
Xnstitut  for  the  hoep-italiCy  extended  to  hir?>,  aiid  Cc  tho  U.  S. 

Energy  Commla  siosi  for  fellowohip  copyort. 


Atomic 


^•Traasitio& 

4) 

Eaporisrten&ii 

i-og  ft 

j-j  ceuplic.3 

intcrnied, 

a)n-4p  ♦e*t  *'* 

3.13 

3.13 

2.13 

•>•€*+ 

2.  94  0,  04 

— 

2.93 

Be"?  -?Li  i-» 

3.  37  - 0.  Oi 

3.43 

3.  4\ 

Be^r>i4^  + ^ 

S 53 

4.  06 

3 S'f 

a)C^®  — 

3.  7?  t 0.  IQ 

3.43 

3.43 

j^13_^c13+c'»’+ 

3.  67 

3.  39 

3.  69 

b)C^^-*-N^^+e*+  ^ 

8.95 

3.  99 

5.  70 

3.  52  i 0. 10 

S.  43 

/S 

.A* 

3.  59  - 0.  03 

3.61 
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^Psre*8Cttt  addrees:  Physics  Copsrtzner/ • , Uaivcffsity  of  Maryiirri,  Coilofjo 

Park,  Maryland.  Publication  assisted  by  the  Office  of  Naval  F.ecearch 

1)  R.  Schullen,  Doctoral  Diessrfcafcione  University  of  CocttiT!t'^'?50<,  ito  bo 

published  ).  T:  i . -P  . A^n.'f  ur  ^ (lfS'3/i. 
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Z)  To  roughly  the  essperinsecScJ.  error,  crscept  for  C for  v/Mcti  oeo 

footnote  b)  below. 


3)  For  work  already  carried  out  or,  inter anediats  cox^piir-3  see  D,  R.  ^ 

Rev.  Mod.  Phys,  , 390  U953}^  N.  ScMeSj  Phya.  Ucv.  , 416^953); 

A.  M.  LariJ?.  Phva,  R«v,  02 , 839  (1953):  G,  JL.  Taiibar  and  d'ti  - dcu  Wu. 


Phys.  Rev.'  443CA)  (1953)  and  Boilctin  Arrs.  Phya.  Soc._ 

W.  T.  Sharp,  K.  GeUnnasi«  end  G.  E.  Tauber,  3u\lctia  Ann 


39,1  , L38  U9M); 

. Phys.  Soc.  29, 1 , 


TAQ  flQiUU 


(4) 


4)  We  are  endebted  for  information  on  the  e^:perimental  data  to 
R.  W.  King.  National  Research  Council. 

a)  These  entries  do  not  represent  new  work.  The  Fermi  transitions 
arc  independent  of  nuclear  structure  while  the  0 beta -decay  is 
completely  described  by  j-j  ccupling. 

b)  L- forbiddenness  gives  rise  to  a factor  of  ten  in  this  matrix 
element,  and  a further  partial  cancellation  of  contributionr;  occurs 
as  conjectured  by  Sach  i.  (R.  Sachs.  Nuclear  Theory,,  p.  347, 

Addison- Wesley  Pub.  Co.  , 1953)  That  thi  3 is  at  vari-ance  with  ' 
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"Dressed"  Particles  in  Ouantum  Field  Theoryo-!^ 

Janes  Lc  /Jiderson,  University  of  .Varyland.  - In  tine  dependent  per- 
turbation theory  there  exists  a certain  ambiguity  in  the  breaking  up 
of  the  Hamiltonian  into  ti»o  parts,  one  of  which  is  to  be  considered 
as  the  perturbation.  If  one  breaks  the  Hamiltonian  into  the  tro  parts 
IT,,  and  Hj  and  calls  Hj  the  perturbing  part,  then  it  would  appeal*  equally 
justified  to  break  it  into  two  other  parts  and  K|,  where 

(R|  = H^-K),  and  to  call  the  pertui'bation.  Since  nox  the  eigenstates 

of  H'  are  employed  in  the  specification  of  initial  and  final  cc'ditions 
in  the  theory,  one  might  determine  H*  (or  K)  by  requiring  vhat  it  describe 
properly  the  "dressed"  particles  of  fhe  theory.  This  means  that  must  be 
BO  chosen  that 

<fo,  r Li  >= 

where  "l^^is  the  vacuum  state  of  the  interacting  s%-sto::i,<g^  the  lowest 
energy  state  of  (x)  £ndj^(y)  are  Heisenberg  eperaturs,  an 

are  operators  in  an  interaction  representation  del  ivied  uy  The  exis- 

tence of  an  satisfying  this  condition  and  its  relation  to  the  renorn.al- 
ization  program  will  be  discusfjcd; 

•^Supported  by  the  U.S.  Office  of  Naval  P" search „ 


The  Boltzmann  Equation  from  the  Statistical  V'echanical  Point  of  Vie-.”c-- 
Melville  S«  Green,  University  of  Maryland.  - Recently  Kirlccood  and  Green 
have  given  derivations  of  the  Boltzmann  equation  from  the  so-called 
hler3u*chy  of  equations  governing  the  distribution  functions  of  n-unlr-s 
of  molecules.  The  present  work  will  exhibit  a derivation  which  is  the 
first  step  of  an  expansion  in  powers  of  the  concenti'ation.  If  ne  call 
the  distribution  of  the  phases  of  an  n-uple  ncrmlizod  so  that  the 
spacial  distribution  approaches  1,  when  all  the  molecules  ai'c  far  apart, 
it  can  be  showri  that  for  a spacially  uniform  situation  the  ’.lierarchy  can 
be  written  ^ 

i •-<?!’  V f mi- 1 

^ / 


'•  W yrn  r' 


i«ri0  r* jL^ii jkw 

of  an  isolated  system  of  n molecules,  c the  concentration  > ^infl  the  force 
between  the  ith  and  the  n-flth  molecule,  and  pi,xj.  tl'.o  mom  ■.ntve  and  ncsl- 
tion  of  the  ith  mclecule.  These  equations  are  solved  by  consiuering  the 
left-hand  side  to  be  a small  perturbation.  The  first  step  in  the  pro- 
cedure leads  to  the  Soltzmann  equation  for  S3  Tsll  as  to  expressions 
for  which  are  functionals  of^  , 
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